Because they confer pan-resistance to aminoglycosides, bacterial 16S rRNA methylases represent a major threat to public health. Initially described in Klebsiella pneumoniae, the ArmA methylase has diffused worldwide among Enterobacteriaceae and Acinetobacter species over the last decade. [1] [2] [3] However, so far only a few strains of Pseudomonas aeruginosa from South Korea and China have been reported as producing the enzyme. 4, 5 Here, we describe the case of a patient contaminated with three phylogenetically different Gram-negative species harbouring the armA gene in the same genetic environment.
In August 2013, an elderly French man was admitted to an ICU in Shanghai, China, for haemorrhagic stroke. As a tracheal aspirate was found to be positive for K. pneumoniae and P. aeruginosa strains, treatment with imipenem, piperacillin/tazobactam and aztreonam was initiated. In November, this patient was repatriated to France. Upon his admission to the ICU of Sainte Anne military hospital in Toulon, a nasal sample was collected as part of a routine epidemiological surveillance; this turned out to be positive for MDR strains of Staphylococcus aureus, K. pneumoniae, Acinetobacter baumannii, Escherichia coli and P. aeruginosa. These latter two bacteria were also recovered from a purulent bronchial aspirate. A favourable clinical outcome was achieved under combination therapy including colistin and aztreonam.
According to the 2016 EUCAST breakpoints, the P. aeruginosa strain found (14.1819), which belongs to ST235, was highly resistant to piperacillin/tazobactam (128/4 mg/L), ceftazidime (.64 mg/L), cefepime (.64 mg/ L), imipenem (32 mg/L), meropenem (32 mg/L) and ciprofloxacin (8 mg/L), but remained susceptible to colistin (1 mg/L). Synergy between meropenem and dipicolinic acid with the combined disc test distributed by Rosco Diagnostica was strongly suggestive of metallo-b-lactamase (MBL) production. PCR experiments with primers specific for known MBL genes amplified a DNA fragment that was subsequently identified as bla . A search of other b-lactamase-encoding genes by PCR also detected the determinant of narrow-spectrum oxacillinase OXA-1. Since bla IMP genes are carried by class 1 integrons in Pseudomonas species, new PCR experiments were carried out with primers annealing to the 5 0 and 3 0 conserved sequences of these elements, yielding two amplicons of 3 and 3.5 kb, respectively. Sequencing of the 3 kb fragment revealed the presence of a novel class 1 integron (In1237, accession no. KU984332) containing the gene cassettes qnrVC1, gcu165, arr-2 and dfrA22e, which collectively confer resistance to fluoroquinolones, rifampicin and trimethoprim. Of note, the qnrVC1 cassette was recently described in P. aeruginosa, as part of another class 1 integron named In857 (Figure 1a ) harboured by a Tunisian strain, Pa25. 6 The 3.5 kb fragment turned out to contain a class 1 integron (In786) harbouring gene cassettes aacA4, bla IMP-45 , gcu35, bla OXA-1 and catB3, the expression of which globally provides resistance to aminoglycosides (tobramycin, netilmicin, amikacin), b-lactams (except aztreonam) and chloramphenicol. This latter integron exhibited 100% sequence identity with another one previously characterized in a P. aeruginosa strain of canine origin, M140A, isolated in Beijing, China (accession no. KJ510410) (Figure 1b) . 7 Interestingly, b-lactamase IMP-9, which differs from IMP-45 by a single amino acid substitution, Gly 214 Ser, has been found to be encoded by a very large IncP2 plasmid, pOZ176 (500 839 bp) (accession no. NC-022344), in a clinical strain of P. aeruginosa, named Pa96, from Guangzhou, China. 8 Since our strain 14.1819 also appeared to harbour a large plasmid as visualized by agarose V C The Author 2016. Published by Oxford University Press on behalf of the British Society for Antimicrobial Chemotherapy. All rights reserved. For Permissions, please e-mail: journals.permissions@oup.com gel electrophoresis after extraction by the method of Kieser, 9 we sequenced its whole DNA content with the Ion PGM TM system (ThermoFisher Scientific). Alignment of the resulting reads with the pOZ176 backbone showed the presence of most of the pOZ176 sequence in strain 14.1819 as well as a number of gene additions and deletions, some of which are depicted in Figure 1(b) . In particular, the variable regions of the Tn6016-associated integron (which contains bla IMP-9 in strain Pa96) and of In786 (bla IMP-45 in our strain 14.1819) are partially different. In the strain 14.1819 plasmid, dubbed pPA1819, the coding sequences aacA4, tniR, tniQ, tniB and tniAD are replaced by gcu35, bla OXA-1 , catB3, qacED1 and sul1. Flanking the 3 0 CS of In786, an ISCR1 element is found to immediately precede the composite transposon Tn1548, which is itself composed of armA and two putative transposase genes, tnpU and tnpD. As already reported, Tn1548 is followed downstream by a DNA region carrying the macrolide resistance genes mel and mph2, a single copy of IS26 and repAciN, a putative replicase gene, which is considered as the remnant sign of an Acinetobacter plasmid. 10 This region belongs to a longer DNA module flanked by two directly repeated copies of IS26, which is known to efficiently promote the mobilization of armA among Enterobacteriaceae and Acinetobacter species. In agreement with the presence of Tn1548 on plasmid pPA1819, strain 14.1819 exhibited high-level resistance to all the aminoglycosides tested including amikacin (.128 mg/L), tobramycin (.32 mg/L) and arbekacin (MIC .256 mg/L). Despite repeated attempts, we could not obtain the conjugative transfer of pPA1819 to recipient strain P. aeruginosa PU21.
As the A. baumannii (13A.477) and K. pneumoniae (13.1875) strains isolated from our patient were also pan-resistant to aminoglycosides, we sequenced their respective total DNA contents with the Ion PGM TM system. Contig assembly and BlastN searches revealed a truncated Tn1548-carrying module with a single IS26 element in K. pneumoniae and a complete module with two copies of IS26 in the A. baumannii isolate (Figure 1c and  d) . Multiple resistance genes were also detected in both strains such as those encoding b-lactamases OXA-1, TEM-1, DHA-1 and CTX-M-15 in K. pneumoniae and the determinant of carbapenemase OXA-23 in A. baumannii. The A. baumannii strain was assigned to MLST genotype ST2 according to the Pasteur Scheme. Interestingly, the A. baumannii strain was found to contain a plasmid the sequence of which was almost identical to that of the widely spread Tn1548-bearing plasmid pMDR-ZJ06 (Rep3 family), with the gene cassette aac(3 0 )-II being replaced by aacA4 and catB8 (accession no. CP001938). The K. pneumoniae strain belongs to MLST sequence type 307 (ST307) and harboured a 20 kb plasmid (IncF) that was not investigated further.
This study demonstrates that pan-aminoglycoside resistance may be acquired by P. aeruginosa following the transfer of Tn1548 on Pseudomonas-specific plasmids such as pOZ176. Whether the Tn1548 module was transmitted in vivo from K. pneumoniae or A. baumannii is unknown. However, the observation that a patient may be colonized with several phylogenetically different ArmA-producing bacteria highlights the diffusion potentials of Tn1548 among Gram-negative species and reinforces the need to screen for 16S rRNA methylases not only in Acinetobacter and Enterobacteriaceae species, but also in P. aeruginosa. A high resistance to arbekacin (MIC . 256 mg/L) may serve as an indicator of methylase production prior to the use of molecular biology methods. Sir, Studies of MDR or XDR Pseudomonas aeruginosa often describe an inability to transfer antimicrobial resistance loci into recipient cells, suggesting that plasmids do not play a prominent role in dissemination of MDR loci in this species. [1] [2] [3] [4] [5] [6] While two recent studies have highlighted the important role of genomic islands (GIs) in the carriage and transfer of multiple antimicrobial resistance in P. aeruginosa, 7, 8 much of the hypothesis was based on earlier studies. 4, 7, 9, 10 Here we present a pilot bioinformatics analysis (strategy detailed in Figure S1 , available as Supplementary data at JAC Online) on 22 complete and 252 draft P. aeruginosa (Taxa ID: 287, resistance profiles unknown) genome sequences in the NCBI-Microbial-BLAST database (on 11 April 2016) as evidence of the presence of GI1, GI2 and associated transposons on other globally dispersed clonal lineages.
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Excluding our Australian isolates in Table S1 , 11% (31/274) of P. aeruginosa genomes in the database carry GI1 while 14% (38/274) carry GI2 or variants of them. It is notable that none of the non-Australian genomes contains both GI1 and GI2. The 31 P. aeruginosa strains that contained GI1 were from the USA, Spain, 
